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Sir 



DECLARATION OF RICHARD W MOYER. PhD-- UNDER 37 CFJt S 1.132 

L Richard W. Moyer, PhD., of the University of Florida, hereby declare: 
THAT, I am an inventor on the above-referenced patent application; 
THAT, I have received the following degrees: 

B.S. in Agricultural and Biological Chemistry with Minor in Chemistry; 
Pennsylvania State University; 1 962 

PhD. in Biochemistry with Minor in Organic Chemistry; University of California 
at Los Angeles; 1967; 

THAT, I have been employed professionally as follows: 

1987-piesent Professor and Chairman, Department of Immunology and 

Medical Microbiology, College of Medicine, University of 
Florida 
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1981-1987 



Professor, Department of Microbiology, Vandertnlt 
University School of Medicine 



1976-1981 



Associate Professor, Department of Microbiology, 
Vanderbilt University School of Medicine 



1970-1976 



Assistant Professor of Biochemistry, Columbia University 



1967-1969 



Postdoctoral Fellow, Massachusetts Institute of Technology 



6/1965-9/1965 Summer Trainee in Physiology, Woods Hole Marine 
Biology Laboratory 



1963-1967 



Research Assistant, Biochemistry, University of California 
at Los Angeles 



1962-1963 



Research Assistant, Biochemistry, University of Minnesota 



THAT, I have published extensively in my field and some of the publications are as 



follows: 



1. Bawden, AX., KJ. Glassberg, J. Diggans, R Shaw, W. Farmerie, R.W. Moyer 
(2000) "Complete genomic sequence of the Amsacta moorei entomopoxvirus: 
Analysis and comparison with other poxviruses" Virology 274(1): 120-1 39; 

2. Moon, BLB^ P.C Turner, R.W. Moyer (1999) "SPM-dependent host range of 
rabbitpox virus and complex formation with c athepsin G is associated with serpin 
motifs" Journal of Virology 73(1 1):8999-9010; 

3. Turner, P.C, M.S. Sancfao, SJt Thocnnes, A. Caputo, R.C Bleackley, R.W. 
Moyer (1999) "Myxoma virus Serp2 is a weak inhibitor of granzyme B and 
interleukin-lbeta-converting enzyme in viiro and unlike CnnA cannot block 
apoptosis in cowpox virus-infected cells" Journal of Virology 73(8):6394-6404; 

4. Li t Y., S. Yuan, R.W. Moyer (1998) "The non-permissive infection of insect 
(gypsy moth) LI>652 cells by Vaccinia virus" Virology 248(i):74-82; 
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5. Li, Y. RX. HalL S.L. Yuan, R.W. Moyer (1998) "High-level expression of 
Amsacta moorei entonropoxvirus spheroid in depends on sequences within the 
gene" J Gen Virol 79(Pt 3):613-622; 

6. Li, Y. R.L. Hall, R.W. Mbyer (1997) Transient, nonletfaal expressiou of genes in 
vertebrate cells by recombinant entomopoxviruses" Journal of Virology 
71(12)^557-9562; 

7. Peterson, B.O., R.L. Hall, R.W. Moyer, S. Shuman (1997) "Characterization of a 
DNA topoisomerese encoded by Amsacta moorei entomopoxvirus*' Virology 
230(2): 197-206; 

8. Graham, K-A, AS. Lalani, JX. Macen, TX. Ness, M. Barry, L.Y. Liu, A. Lucas, 
I. Clark-Lewis, R.W. Moyer, G. McFadden (1997) The Tl/35kDa family of 
poxvirus-secreted proteins bind cbemokines and modulate leukocyte influx into 
virus-infected tissues" Virology 229(l):12-24; 

9. Winter, J., RX. HalL R.W. Moyer (1995) The effect of inhibitors on the growth 
of the entomopoxvirus from Amsacta moorei in Lymantria dispar (gypsy "Wh) 
ceHs" Virology 21 l(2):462-473; 

10 Turner, PC, P.Y. Musy, R.W. Moyer (1994) Viroceptors, Virokmes, and Related 
Immune Modulators Encoded by DNA Viruses (McFadden, G., ed.), R.G. Landes, 
Galveston, TX; 

11 VanderLeek, ML., J.A. FeUer, G. Sorensen, W. Isaacson, CX. Adams, DX 
Borde, N. Pftaffer, T. Tnm, R.W. Mover, E.PX Gibbs (1994) "Evaluation of 
swinepox virus as a vaccine vector in pigs using an Aujeszky's disease 
(pseudorabies) virus gene insert coding for glycoproteins gp50 and gp63" 77k 
Veterinary Record 134: 13-1 8; 

12. Moyer, R.W. (1994) Encyclopedia of Virology (Webster, RG., A. GranofX eds.), 
Academic Press Ltd., London: pp. 392-397; 

13. Ali, A.N., P.C. Turner, MJL Brooks, R.W. Moyer (1994) The SP1-1 gene of 
rabbitpox virus determines host range and is required for hemorrhagic pock 
fornwrion" Virology 202:306-314; 

14. Martinez Pomares, L., RX Stem, R.W. Moyer (1993) "The ps/hr gene (BSR open 
reading fiame homolog) of rabbitpox virus controls pock color, is a component of 
extracellular enveloped virus, and is secreted into the medium" Journal of 
Virology 67:5450-5462; 
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15. Hall, R.W. Moyer (1993) "Identification of an Amsacta spheroidin-Kke 
protein within the occlusion bodies of Choristoneura cntomopoxvi ruses" Virology 
192:179-187 

16. Bloom, DC, R. Stem, M. Duke, D. Smith, R.W. Moyer (1993) "A revised 
HindUl map and sequence analysis of a large 'left-hand* non-essential region of 
the rabbit poxvirus genome" Virus Res 28:125-140; 

17. Thompson, J.P., P.C Turner, A.N. Ali, B.C. Crenshaw, R.W. Moyer (1993) "The 
effects of serpin gene mutations on the distinctive pathobiology of cowpox and 
xabhitpox virus following intranasal inoculation of Balb/c mice" Virology 
197328-338; 

18. Massung, RJ., V. Jayarama, R.W. Moyer (1993) "DNA sequence analysis of 
conserved and unique regions of swinepox virus: Identification of genetic 
elements supporting pbenotypk observations including a novel G protein-coupled 
receptor homologuc" Virology 197:51 1-528; 

19. Turner, P.C, R-W. Moyer (1992) "An orthopoxvirus seipinlike gene controls Ac 
ability of infected cells to fuse" Journal of Virology 66:2076-2085; 

20. Turner, P.C, R.W. Moyer (1992) "A PCR-bascd method for manipulation of the 
vaccinia vims genome that eliminates the need for cloning" Biotechmques 
13:764-771; 

21. Massung, RJ., G. McFadden, R.W. Moyer (1992) "Nucleotide sequence of a 
uniq ue near-terminal region of the tumorigemc poxvirus, Sbope fibroma virus** J 
Gen Virology 73:2903-291 1; 

22. GrakH M.E„ R.L. Hall R.W. Moyer (1992) "Mapping and molecular 
characterization of a functional thymidine kinase from Amsacta moorei 
entomopoxvirus" Virology 1 86:507-5 1 6; 

23. Hall RX., R-W. Moyer (1991) "Identification, cloning, and sequencing of a 
fragment of Amsacta moorei entomopoxvirus DNA containing the spheroidin 
gene and three vaccinia related ORFs" Journal of Virology 65:65 1 6-6527; 

24. Feller, Moyer et aL (1991) "Isolation of molecular characterization of the 
swinepox virus thymidine kinase gene" Virology 183:578-585; 

25. Brown, CJC, D.C. Bloom, R.W. Moyer (1991) "The nature of naturally occurring 
mutations in the hemagglutinin gene of vaccinia virus and the sequence of 
immediately adjacent genes 11 Virus Genes 5:235-242; 
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26. Brown, C.K., P.C. Turner, R.W. Moyer (1991) "Molecular characterization of the 
vaccinia hemagglutinin gene" Journal of Virology 65:3598-3606; 

27. Bloom, D.C KJH. Edwards, C. Hager, R.W. Moyer (1991) "Identification and 
characterization of two non-essential regions of the rabbitpox virus genome 
involved in virulence" Journal of Virology 65:1530-1542; 

28. Massung, R-F., R.W. Moyer (1991) "The molecular biology of swinepox virus D. 
The infectious cycle" Virology 180:355-364; 

29. Massung, R.F., R.W. Moyer (1991) "The molecular biology of swinepox vims L 
Characterization of the viral DNA" Virology 180:347-354; 

30. Turner, P.C, R.W. Moyer (1 990) "The Molecular Pathogenesis of Poxviruses," in 
Current Topics in Microbiology and Immunology, P.C. Turner and R.W. Moyer, 
eds., Springer Verlag, New York, pp.125-153; 

31. Turner, P.C, R.W. Moyer, eds. (1990) "The Molecular Pathogenesis of 
Poxviruses," in The Poxviruses, Springer Verlag, New York, pp.125-153; 

32. Massung, R-F., R.W. Moyer (1989) "Orthopoxvirus gene expression mXenopus 
laevis oocytes. I. A component of the virion is needed for late gene expression" 
Journal of Virology 64:2280-2289; 

33. Turner, P.C, D.V. Young, J.B. Flanegan, R.W. Moyer (1989) "Interference with 
vaccinia virus growth caused by insertion of the coding sequences for poliovirus 
protease 2A" Virology 173:509-521; 

34. Bloom, D.C, R. Massung, L. Savage, D.K. Morrison, R.W. Moyer (1989) 
"Recruitment to the cytoplasm of a cellular lamin-Hke protein from the nucleus 
during a poxvirus infection" Virology 169:1 15-126; 

35. Edwards, BLM., T.C Andrews, J. Van Savage, P. Palmer, R.W. Moyer (1988) 
"Poxvirus deletion mutants: Virulence and immunogenicity" Microbial 
Pathogenesis 4:325-333; 

36. Moyer, R.W. (1987) "The role of the host cell nucleus in vaccinia viros 
morphogenesis" Vina Research 8:173-191; 

37. Morrison, DSL, R.W. Moyer (1986) "Detection of a subunit of cellular PolII 
within highly purified preparations of RNA polymerase isolated from rabbit 
poxvirus virions" Cell 44:587-596; 
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38. Minnigan, H M R.W. Moyer (1985) "Intracellular location of rabbit poxvirus 
nucleic acid within infected cells as determined by m situ hybridization" Journal 
of Virology 55:634-643; 

39. Brown, G.D., R.W. Moyer (1983) "The white pock mutants of rabbit poxvirus. 
V. bt vitro translation of early host range mutant mRNA" Virology 126:381-390; 

40. Moyer, R.W., RX. Graves (1982) The white pock mutants of rabbit poxvirus. 
IV. The late white pock (m) host range (hr) mutants of rabbit poxvirus are 
blocked at the level of morphogenesis" Virology 1 19:332-346; 

41 . Moyer, R.W., R.L. Graves (1981) The mechanism of cytoplasmic or&opoxviius 
DNA replication" Cell 27:391-401; 

42. Moyer, S.A., S.M. Horikami, R.W. Moyer (1981) The effect of the host cell and 
heterologous viruses on VSV production," In Replication of Negative Strand 
Viruses (D.HX. Bishop and R.W. Compans, eds.), Elsevier Press, New York, 
pp. 965-970; 

43. Hamilton, DJi., R.W. Moyer, S.A. Moyer (1980) "Characterization of the 
non-permissive infection of rabbit cornea cells by vesicular stomatitis virus 1 ' J 
Gen fW 49:273-287; 

44. Moyer, R.W., RX. Graves, C.T. Rotfae (1980) The white pock mutants of rabbit 
poxvirus. III. Terminal DNA sequence duplication and transposition in rabbit 
poxvirus" Cell 22:545-553; 

45. Moyer, R.W„ G.D. Brown, R.L. Graves (1980) "The white pock mutants of rabbit 
poxvirus. II. The early white pock (ji) host range (hr) mutants of rabbit poxvirus 
uncouple transcription and translation in non-permissive cells" Virology 
106:234-249; 

46. Moyer, R.W., CT. Rothe (1980) "The white pock mutants of rabbit poxvirus. I. 
Spontaneous host range mutants contain deletions" Virology 102:1 19-132; 

47. Herman, R.C., R.W. Moyer (1975) *7n vivo repair of bacteriophage T5 DNA: An 
assay for viral growth control" Virology 66:393-407; 

48. Moyer, R.W., A.S. Fu, J. Szabo (1972) "Regulation of bacteriophage 
development by Col I factors" Journal of Virology 9:804-812; 
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49. Moyer, R.W., R. Ramaley, PD. Boyer (1967) "The fbrmation and reactions of a 
nonphosphorylated high energy form of succinyl coenzyme A synthetase" J Biol 
Chem 242:4299; and 

50. DeLoca, M, ICE. Ebner, D.E. Huhqtrist, G. Krcil, IB, Peter, R.W. Moyer, PD. 
Boyer (1963) The isolation and identification of phosphohistidine from 
mitochondrial protein** Biochem Z 338:512; 

THAT, I am an inventor on the following patents: U.S. Patent No. 5,935,777, 
"Entomopoxvinis Expression System," issued August 10, 1999; U.S. Patent No. 5,721352, 
"Entamopoxvinis Expression System," issued February 24, 1998; U.S. Patent No. 5,651,972, 
"Use of Recombinant Swine Poxvirus as a Live Vaccine Vector,** issued July 29> 1997; U.S. 
Patent No. 5,476,781, "Entomopoxvinis Spheroidin Gene Sequences,** issued December 19, 
1995; U.S. Patent 5,212,057, "Biological Systems for Constructing and Testing Viral Vaccines," 
issued May 18,1993; 

THAT, through my years of research, I have kept up to date on the technical literature 
and maintained contact with experts in the field by participating in professional meetings and 
seminars, and by direct personal contreL As a result, I am familiar with the general level of skill 
of those working in the fields of virology and molecular biology, and in particular the use of viral 
vectors in genetic engineering. 

THAT, I have read and understood the specification and claims of the subject application 
and the Office Action dated September 4, 2001 ; 

AND, being thus duly qualified, do further declare : 

L The entomopox virus vectors disclosed and claimed in this patent application 
have been found to be highly effective in delivering polynucleotides to vertebrate 
cells, resulting in the expression of genes encoded by the polynucleotides. 

2. The patent Examiner states that at pages 13-14, bridging paragraph, of the patent 
application, it is indicated that entomopoxvirus cannot productively infect 
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mammalian cells and that gene expression is limited to early promoter activity. 
The patent Examiner also notes that the patent application indicates that late 
poxvirus promoters, such as AmEPV spheroidin or cowpox vims ATI, are 
inactive in mammalian cells infected with recombinant EPV. The patent 
Examiner then concludes "the skilled artisan would not predict that any and all 
promoter sequences could express a heterologous gene of interest when encoded 
by a recombinant entomopox virus." 

The paragraph bridging pages 13-14 of the patent application refers to the general 
observation that when using entomopoxvirus vectors containing entomopox 
promoters, genes under the control of early entomopox promoters will be 
expressed in a vertebrate cell, but genes under the control of late entomopox 
promoters will not The same paragraph of the patent application refers to two 
publications (Li et aL [1997] and Gauthier et al. [1995]), both of which describe 
e xp e rim ents using entomopox virus vectors containing entomopox promoters. 
However, as explained below, the distinction between "early" promoters and 
w late" promoters only finds context with respect to poxvirus promoters (vertebrate 
and insect poxvirus promoters). 

When insect poxviruses infect vertebrate cells, early and only early poxvirus 
promoters are active. This is likely because the eariy poxvirus transcription 
apparatus is packaged within the virion particle as part of creating virions from 
the previous infection. In vertebrate cells, following early promoter-driven 
expression, the infection then aborts and eventually the input virus particles 
disintegrate, after which the viral DNA is released into the vertebrate cell's 
cytoplasm; hence, die lack of late poxvirus promoter-driven expression in 
vertebrate cells. This observation is also made within the Li et al. publication 
(1997) at page 9557, second column, page 9560, second column, and page 9561, 
second column, which is cited by the patent Examiner. As indicated within the Li 
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et al, publication, at page 9S61 , second paragraph, and at page 71, lines 3-7, of the 
patent application, an exception to this phenomenon is when cells infected with 
EPV vectors containing late poxvirus promoters axe supplied with certain 
additional factors in trans (eg., by co-infection with vaccinia virus), which at 
least partially rescue late gene expression through activation of late promoters. 

5. However, as taught within the patent application, early poxvirus promoters and 
(under certain circumstances) late poxvirus promoters are not the only promoters 
that can be used in an cntomopoxvirus vector to achieve expression of a foreign 
gene within a vertebrate cell. Entomopoxvirus vectors containing genes under the 
control of non-poxvirus promoters can also be utilized, such as vertebrate host 
cell promoters and promoters from other viruses. This is documented at page 75, 
lines 1 1-24, and page 81, lines 15-24, of the patent application. Specifically, non- 
poxvirus promoters that aze recognized by the vertebrate host cell's nuclear RNA 
polymerase, such as the cytomegalovirus (CMV) and herpes TK gene promoters, 
can be used following entomopoxvirus infection, entry of the viral DNA into the 
nucleus, and selection for stable transformation of the vertebrate host cell. Once 
transformed, those foreign genes that are under the control of the non-poxvirus 
promoters within the nuclear environment become activated, leading to 
expression of the foreign gene. Preferred promoters are those constitutive or 
regulatable promoters, such as the CMV or Herpes TK gene promoters, capable of 
promoting sufficient expression of die foreign DNA contained within the viral 
vector in a vertebrate cell 

6. The patent Examiner states that Example 11 of the patent application only 
examines expression of P-galactosidase expression at day two, following 
injection, "and does not correlate the level or duration of gene expression with 
any therapeutic effect** However, it would be expected that expression of the 
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foreign gene, p~galactosidase in this case, would be gmmmH for a period beyond 
the two days at which time the tissue was excised. 

7. The patent Examiner states the skilled artisan would not pmfict that the 
entomopox virus vectors of the invention could be used to express therapeutic 
levels of protein in lymphoid cells, which are associated with certain disorders, 
such as Burkitt's lymphoma. Although it has been reported in the li ter atu re that 
there is a greater level of expression in some cells (e.g., fibroblasts) than in other 
cells, such as lymphoid cells, one would expect that greater levels of expression 
could be achieved, for example, through the use of tissue-specific promoters 
and/or m vitro selection steps. 

S. In summary, given the teachings of die patent application, one would expect that 
the entomo poxvirus vectors of die invention can be used to deliver and express 
foreign genes within a vertebrate cell, using a variety of promoters. 
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The undersigned declares farther that all statements made herein of his own knowledge 
are true sod that aO statements made on information and belief ere believed to be true; and 
farther that these statements were made with the knowledge that wQlfrl false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and that such willful false statements may jeopardize the validity of the 
application or of any patent issuing thereon. 

Further declarant sayeth naught 

Signed: 
Date: 
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Clinical Investigation and Reports 



Constitutive Expression of phVEGF 165 After Intramuscular 
Gene Transfer Promotes Collateral Vessel Development in 
Patients With Critical Limb Ischemia 

Iris Baumgartner, MD; Ann Pieczek, RN; Orit Manor, PhD; Richard Blair, MD; 
Marianne Kearney, BS; Kenneth Walsh, PhD; Jeffrey M. Isner, MD 

Background — Preclinical studies have indicated that angiogenic growth factors can stimulate the development of collateral 
arteries, a concept called "therapeutic angiogenesis." The objectives of this phase 1 clinical trial were (1) to document 
the safety and feasibility of intramuscular gene transfer by use of naked plasmid DNA encoding an endothelial cell 
mitogen and (2) to analyze potential therapeutic benefits in patients with critical limb ischemia. 

Methods and Results — Gene transfer was performed in 10 limbs of 9 patients with nonhealing ischemic ulcers (n=7/10) 
and/or rest pain (n= 10/10) due to peripheral arterial disease. A total dose of 4000 /u,g of naked plasmid DNA encoding 
the 165-amino-acid isoform of human vascular endothelial growth factor (phVEGF, 65 ) was injected directly into the 
muscles of the ischemic limb. Gene expression was documented by a transient increase in serum levels of VEGF 
monitored by ELISA. The ankle-brachial index improved significantly (0.33 ±0.05 to 0.48 ±0.03, P=.02); newly visible 
collateral blood vessels were directly documented by contrast angiography in 7 limbs; and magnetic resonance 
angiography showed qualitative evidence of improved distal flow in 8 limbs. Ischemic ulcers healed or markedly 
improved in 4 of 7 limbs, including successful limb salvage in 3 patients recommended for below-knee amputation. 
Tissue specimens obtained from an amputee 10 weeks after gene therapy showed foci of proliferating endothelial cells 
by immunohistochemistry. PCR and Southern blot analyses indicated persistence of small amounts of plasmid DNA. 
Complications were limited to transient lower-extremity edema in 6 patients, consistent with VEGF enhancement of 
vascular permeability. 

Conclusions — These findings may be cautiously interpreted to indicate that intramuscular injection of naked plasmid DNA 
achieves constitutive overexpression of VEGF sufficient to induce therapeutic angiogenesis in selected patients with 
critical limb ischemia. (Circulation. 1998;97:1114-1123.) 

Key Words: angiogenesis ■ genes ■ ischemia ■ growth substances 



Critical limb ischemia is estimated to develop in «500 to 
1000 individuals per million per year. 1 In a large 
proportion of these patients, the anatomic extent and the 
distribution of arterial occlusive disease make the patients 
unsuitable for operative or percutaneous revascularization, 
and the disease thus frequently follows an inexorable down- 
hill course. 2,3 Psychological testing of such patients has 
disclosed quality-of-life indices similar to those of patients 
with cancer in the terminal phase of their illness. 4 As 
concluded in the Consensus Document of the European 
Working Group on Critical Limb Ischemia, 1 no pharmaco- 
logical treatment has been shown to favorably affect the 
natural history of critical limb ischemia. 5 Indeed, amputation, 
despite its associated morbidity, mortality, and functional 
implications, 1,6 " 8 is often recommended as a solution to the 
disabling symptoms, in particular excruciating ischemic rest 
pain, of critical limb ischemia. 9 " 12 A second major amputation 



will be required in nearly 10% of such patients. Despite the 
use of prosthetics and rehabilitation, reestablishment of full 
mobility is inconsistently achieved, particularly in the elderly. 
Consequently, the need for alternative treatment strategies in 
patients with critical limb ischemia is compelling. 

See p 1108 

Preclinical studies have indicated that angiogenic growth 
factors can stimulate the development of collateral arteries in 
animal models of peripheral 1314 and myocardial 15 " 17 ischemia, 
a concept called therapeutic angiogenesis. Several of these 
studies have used VEGF, also known as vascular permeabil- 
ity factor, a secreted endothelial-cell mitogen with high- 
affinity binding sites limited to endothelial cells. 18 " 22 Endo- 
thelial cell specificity has been considered to represent an 
important advantage of VEGF for therapeutic angiogenesis, 
because endothelial cells represent the critical cellular ele- 
ment responsible for new vessel formation. 23 " 25 
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Selected Abbreviations and Acronyms 


ABI 


= ankle-brachial index 


MRA 


= magnetic resonance angiography 


PCR 


= polymerase chain reaction 


phVEGF 165 


= plasmid encoding 165-amino-acid isoform of 




human VEGF 


TBI 


= toe-brachial index 


VEGF 


= vascular endothelial growth factor 



We recently demonstrated angiographic and histological 
evidence of angiogenesis after intra-arterial gene transfer of 
naked plasmid DNA encoding human VEGF in a patient with 
critical limb ischemia. 26 In this report, we present the results 
of intramuscular phVEGFi 65 gene transfer performed in an 
initial phase 1 clinical trial comprising 9 patients with 10 
critically ischemic limbs. 

Methods 

Patients 

Patients qualified for intramuscular gene therapy if they (1) had 
chronic critical limb ischemia 1 including rest pain and/or nonhealing 
ischemic ulcers present for a minimum of 4 weeks without evidence 
of improvement in response to conventional therapies and (2) were 
not optimal candidates for surgical or percutaneous revasculariza- 
tion. 27 Requisite hemodynamic deficit included a resting ABI <0.6 
and/or TBI <0.3 in the affected limb on 2 consecutive examinations 
performed at least 1 week apart. Criteria used to describe a change in 
limb status were adapted from standards recommended by the 
Society for Vascular Surgery/North American Chapter and Interna- 
tional Society for Cardiovascular Surgery. 3 ^ 8 Patients were allowed 
to continue on aspirin and coumarin, provided that these therapies 
had been used for a minimum of 6 months before gene transfer. 
Vasoactive medications were discontinued unless prescribed for 
cardiac disease or systemic hypertension. All patients gave written 
informed consent for their participation. The study was designed as 
a phase 1 , nonrandomized study to document the safety of intramus- 
cular phVEGF l65 gene transfer and to monitor patients as well for 
evidence of bioactivity. This study design was unanimously ap- 
proved by the Recombinant DNA Advisory Committee of the 
National Institutes of Health, by the Human Institutional Review 
Board and Institutional Biosafety Committee of St Elizabeth's 
Medical Center, and by the US Food and Drug Administration. 

Plasmid DNA (phVEGF 165 ) 

All patients received a eukaryotic expression vector encoding the 
VEGF l65 gene 29 transcriptionally regulated by the cytomegalovirus 
promoter/enhancer. 26 Preparation and purification of the plasmid 
from cultures of phVEGF, 65 -transformed Escherichia colx were 
performed in the Human Gene Therapy Laboratory at St Elizabeth's 
Medical Center by the column method (Qiagen Mega Kit, Qiagen, 
Inc). The purified plasmid was stored in vials and pooled for quality 
control analyses. 

Intramuscular phVEGF 165 Transfer 

Aliquots of 500 \i% of VEGF, 65 pDNA were diluted in sterile saline, 
and 4 aliquots (total, 2000 /xg) were administered into calf and/or 
distal thigh muscles of the patients by direct intramuscular injection 
into the ischemic limb. The injection sites were arbitrarily selected 
according to available muscle mass and included sites above as well 
as below the knee. The volume of each of the 4 injectates per limb 
was progressively increased during the course of the study from 0.75 
mL (3 treatments) to 3 mL (6 treatments) to 5 mL (1 1 treatments). 
Four weeks after the first 2000- /xg injection, a second 2000- \x% 
injection was administered, increasing the total amount of pDNA to 
4000 jug per patient. One patient was treated for bilateral critical 
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limb ischemia with a total amount of 8000 /xg pDNA (4000 \x% per 
limb). 

Serum VEGF Levels 

ELISAs were performed at baseline and weekly up to 12 weeks after 
the initial treatment of 7 limbs to detect evidence of gene expression 
at the protein level. Samples were immediately centrifuged for 20 
minutes at 3600 rpm at 4°C, and the serum was stored at -20°C until 
analysis. Serum VEGF was determined with an immunoassay 
according to the manufacturer's instructions (R&D Systems). Re- 
sults were compared with a standard curve of human VEGF with a 
lower detection limit of 5 pg/mL. Samples were checked by serial 
dilution and were performed at least in duplicate. 

Hemodynamic and Angiographic Assessment 

Patients were followed up on a weekly basis within the first 8 weeks 
after gene therapy and at monthly intervals thereafter. Ischemic 
ulcers were documented by color photography. Resting ABI and TBI 
were calculated by the quotient of absolute ankle or toe pressure to 
brachial pressure. 30 Intra-arterial digital subtraction angiography and 
MRA were performed within 1 week before and 4 weeks after each 
treatment and 3 months after the latter of 2 intramuscular injections. 
Digital subtraction angiography was performed as a selective single- 
leg runoff study using undiluted nonionic contrast media (Isovue- 
370, Squibb Diagnostics). A minimum of 2 images (early and late 
frames) at the thigh, knee, calf, and ankle/foot levels were recorded 
by digital acquisition and hard copies in a 35X45-cm format. The 
diameter of newly visible collateral vessels was assessed by com- 
parison with a 0.09-in-diameter reference wire taped to the skin. 
MRA was performed with a 1.0-T superconducting system (Impact, 
Siemens) by means of a transmit-receive extremity coil, a body coil, 
or both and commercially available pulse sequences. A multisection 
two-dimensional time-of-flight gradient echo sequence without in- 
travenous contrast medium was used. 31 All axial images were 
reconstructed by use of the maximum-pixel-intensity algorithm at 
intervals of 60°. 

Immunohistochemistry 

Double immunohistochemical staining for proliferating endothelial 
cells was performed as previously described. 32 Bound antibody was 
then detected with an alkaline phosphatase kit (Biogenex Laborato- 
ries). Complexes were visualized with fast red substrate (Biogenex 
Laboratories). A counterstain of 10% Gill hematoxylin was applied 
before coverslips were applied. 

DNA Analysis 

Skin specimens at the site of gene injection and muscle specimens 
near or remote from the site of gene injection were retrieved from 2 
amputees 8 and 10 weeks after intramuscular phVEGF 165 transfer, 
respectively (patients 4 and 10, Table). Tissue was processed with a 
genomic DNA isolation kit (A.S.A.P., Boehringer Mannheim). For 
PCR analysis, primer sets unique to the promoter and VEGF coding 
region of phVEGF 165 were selected. For Southern analysis, EcoK\- 
digested total cellular DNA (30 jig) and purified phVEGF, 65 DNA 
(0.5 /ig) were subjected to 0.8% agarose electrophoresis. The 
predicted sizes of EcoR\ -digested plasmid fragments were 998 and 
4703 bp. DNA blotted to a nylon membrane (Amersham, Life 
Science) was hybridized with two 32 P- labeled phVEGF l65 -specific 
probes (ncol-digested 679-bp phVEGF 165 fragment, position 389 to 
1068; oval-digested 787-bp phVEGF l65 fragment, position 991 to 
1778), washed, and exposed to Hyperfilm MP (Amersham, Life 
Science). 

Statistical Analysis 

Data are reported as mean±SEM. Comparisons between paired 
variables were performed with the nonparametric Friedman test and 
Wilcoxon rank sum test. All statistical tests were two-tailed, with a 
significance level of P<.05. 
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Clinical, Hemodynamic, Angiographic, Laboratory, and Molecular Findings Before and After Intramuscular phVEGF 165 Gene Transfer 











Clinical History and Findings Before Gene Therapy 


Outcome After Gene Transfer 


No. 


Sex 


Age, 
y 


Cigs, pk/y 


DM 


Previous Treatment 


Signs/Symptoms 


Limb Status 


DSA Findings 


1 


F 


33t 


30 


0 


4 bypass grafts, 3 rev., 
prostaglandins 


Calf ulcer, toe gangrene 
(digit I) 


ABI +0.24; complete 
healing— Mtmb salvage 


New collaterals, 
200-400 /im 


2 


F 


53 


0 


+ 


3 bypass-grafts, 1 PTA, 

t\ m o+ oft 1 on ri i n o 

prostagianoins 


Toe gangrene (digit V) 


ABI +0.12; complete 
neaiing 


New collaterals, 

onn >inn ..m 

£UU— 4UU /xm 


3 


M 


77 


0 


+ 


None 


Toe gangrene (digits I, 
IV) 


TBI +0.11; 
gangrene/ 

UMcUlliycllUb — *tJF\M 


New collaterals, 
200-400 /xm 


4 


F 


39f 


20 


0 


Sympathectomy 


Forefoot gangrene 


ABI +0.27; forefoot 
necrosis— >BKA 


New collaterals, 

onn Ann m 

200-400 n,m 


5 


M 


74 


90 


0 


1 PTA 


Rest pain 


ABI +0.15; rest pain 
resolved 


New collaterals, 
200-800 /xm 


6 


F 


84 


40 


0 


6 bypass grafts, 1 PTA 


Toe gangrene (digits 
l-V) 


ABI +0.22; toe 
amputation— Himu 
salvage 


None 


7 


F 


80 


20 


0 


1 bypass graft 


Rest pain 


ABI unchanged, rest pain 
resolved 


New collaterals, 
200-800 p,m 


8* 


F 


39 


20 


0 


Sympathectomy 


Heel ulcer, toe 
gangrene (digits 1— IV) 


ABI +0.22; toe 

amputation->limb 

salvage 


New collaterals, 
200->800 f±m 


9 


M 


54 


30 


0 


4 bypass grafts, 2 rev., 
1 PTA 


Rest pain 


TBI +0.18; rest pain 
resolved 


None 


10 


M 


54 


70 


0 


6 bypass-grafts, 1 PTA 


Toe gangrene (digits 1, 
III, IV) 


No change in ABI/TBI, 
BKA 


None 



No. indicates consecutively treated ischemic limbs; Cigs, current cigarette smoker; pk/y, pack years of cigarette smoking; DM, diabetes mellitus 
(non-insulin-dependent DM, oral medication); DSA, digital subtraction angiography; Bl, baseline; rev., surgical revisions; PTA, percutaneous transluminal angioplasty; 
TBI (ABI incompressible); BKA, below-knee amputation; ND, not done; and pos., positive. 

*No. 8 and 4 identical patient (bilateral treatment). 

tSuspected Buerger's disease (stopped smoking >3 months before study entry). 



Results 

Demographic and clinical data for the 5 women and 4 men 
(mean age, 59± 19 years) treated with phVEGF 165 are shown 
in the Table. Average length of follow-up at the time of this 
report was 6±3 months (range, 2 to 11 months). Local 
intramuscular gene transfer induced no or mild local discom- 
fort up to 72 hours after the injection. Serial creatine 
phosphokinase measurements remained in the normal range, 
there were no signs of systemic or local inflammatory 
reactions, and no patient developed antibodies to VEGF. To 
date, neither loss of visual acuity nor change in funduscopic 
examination due to diabetic retinopathy 33 has been observed 
in any patient treated with phVEGFi 65 gene transfer. Like- 
wise, no development of a latent neoplasm 34 has been 
observed. The only complication seen was transient lower- 
extremity edema, consistent with VEGF enhancement of 
vascular permeability. 35 

Transgene Expression 

Blood levels of VEGF transiently peaked 1 to 3 weeks after 
gene transfer in 7 patients in whom weekly blood samples 
were obtained (Fig 1). (In 2 patients, baseline and/or more 
than two follow-up blood samples were not obtained.) Indi- 
rect clinical evidence of VEGF overexpression was evident 
from the development of peripheral edema (+1 to +4 by 



gross inspection) in the 6 patients with ischemic ulcers. In 4 
of these patients, edema was limited to the treated limb, 
whereas in 2 patients, the contralateral limb was affected as 
well, albeit less severely. The onset of edema corresponded 
temporally to the rise in serum VEGF levels. 

Noninvasive Arterial Testing 

Absolute systolic ankle or toe pressure increased in 8 limbs 
after gene transfer and was unchanged in 1 limb at the time of 
the most recent follow-up (53 ±4.8 at baseline, 66 ±4.6 most 
recent follow-up, P=.008). ABI and/or TBI increased from 
0.33±0.05 (range, 0 to 0.58; n=10) at baseline to 0.43±0.04 
(0.22 to 0.57, />=.028; n= 10) at 4 weeks, to 0.45 ±0.04 (0.27 
to 0.59, P=.016; n=10) at 8 weeks, and to 0.48±0.03 (0.27 
to 0.67, P=.0\1; n=8) at 12 weeks (Fig 2). Improvement in 
the pressure index was sustained, but the increases in values 
obtained after the second (4-week) injection were not signif- 
icantly different from measurements made 4 weeks after the 
initial injection. Exercise performance improved in all 5 
patients with rest pain or ischemic ulcers who were able to 
perform graded treadmill exercise. 36 All patients experienced 
a significant increase in pain-free walking time (2.5±1.1 
minutes before gene therapy versus 3. 8 ±1.5 minutes at an 
average of 1 3 weeks after gene therapy, P= .043). A statisti- 
cally significant increase in absolute, claudication-limited 
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Continued 



VEGF Level, pg/mL 



Bt 


1st 


2nd 


Molecular Findings 


47 


223 


607 




36 


ND 


ND 




46 


131 


780 




30 


59 


888 


PCR pos. in skin + muscle 
specimens; Southern pos. in 
muscle specimens 


RO 
Oc 








29 


164 


80 




40 


44 


223 




ND 


ND 


ND 




0 


113 


83 




ND 


ND 


ND 


PCR pos. in skin + muscle 
specimens; Southern pos. in 
muscle specimens 



walking time (4.2 ±2.1 minutes before versus 6.7±2.9 min- 
utes after gene therapy, P=.018) was documented as well. 
Two patients reached the target end point of 10 minutes of 
exercise. 

Angiography 

Digital subtraction angiography showed newly visible collat- 
eral vessels at the knee, calf, and ankle levels in 7 of 10 
treated ischemic limbs. The luminal diameter of the newly 
visible vessels ranged from 200 to >800 /xm, although most 
were closer to 200 u.m; the latter frequently appeared as a 
"blush" of innumerable collaterals (Fig 3A and 3B). Fol- 



0.6 n 



0.5 



C 

Z 0.4 



o 

5 0-3 

I t 
* ... 




Baseline 



4 weeks 



8 weeks 



Figure 2. Gain in ABI and/or TBI in 10 limbs 4 and 8 weeks 
after intramuscular phVEGF 165 gene transfer. *Mean values, 
P=.02. 



low-up angiograms disclosed no evidence of collateral artery 
regression in any patients. Serial magnetic resonance angio- 
grams of the ischemic limb disclosed qualitative evidence of 
improved distal blood flow in 8 limbs, including enhance- 
ment of signal intensity in previously identified vessels, and 
an increase in the number of newly visible collaterals (Fig 3C 
and 3D). 

Change in Limb Status and Ischemic Rest Pain 

Therapeutic benefit was demonstrated by regression of rest 
pain and/or improved tissue integrity in the ischemic limb. 
Limb salvage, for example, was achieved in a 33-year-old 
woman (patient 1 , Table), who had undergone 7 unsuccessful 
surgical reconstructions at another hospital. She presented 
with a necrotic great toe and a 9X3-cm ischemic ulcer at the 
site of vein harvest in her distal left limb (Fig 4). The ulcer 
had failed to respond to 6 months of conservative measures, 
during the last 3 of which she had been treated with 
methadone, oxycodone/acetaminophen, amitriptyline hydro- 
chloride, and a fentanyl patch. She had been advised by her 
vascular surgeons to undergo below-knee amputation. Within 
8 weeks after gene transfer, her ABI had increased by 0.24, 
and the ulcer dimensions had diminished sufficiently to 
permit placement of a split-thickness skin graft. The graft 
healed successfully and remained healed at 9-month fol- 



1000 




I I 1 I 



Figure 1. Serial levels of VEGF determined by 
ELISA disclosed a transient elevation 1 to 2 
weeks after intramuscular (phVEGF 165 ) gene 
transfer. Baseline and/or weekly follow-up 
venous blood samples, which were incomplete 
in 3 of 10 treated limbs (patients 2, 8, and 10 
in the Table), are not shown. 
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Before Gene Therapy After Gene Therapy 

(Baseline) (8 weeks) 



Figure 3. A and B, Newly visible collateral vessels at calf level 8 
weeks after phVEGF 165 gene transfer. Luminal diameter of newly 
visible vessels ranged from 200 to >800 fim (arrow); most were 
closer to 200 jim, and these frequently appeared as a blush of 
innumerable collaterals. C and D, MRA before and 8 weeks after 
gene therapy. After gene therapy, signal enhancement is clearly 
evident, consistent with improved flow in ischemic limb. 

low-up (Fig 4). A second patient, a 39-year-old woman 
(patients 4 and 8, Table), presented with a 3-month history of 
gangrene of the distal half of her right foot. Although the ABI 
in her right limb improved by 0.27 after gene transfer, the 
forefoot gangrene was not reversed, and she underwent right 
below-knee amputation. While she was being treated for the 
right limb, however, she developed gangrene in the left limb 
(Fig 5). After gene transfer to the left limb, the ABI in her left 
lower extremity increased by 0.22 in association with angio- 
graphically demonstrable, newly visible collateral vessels. 
Although she required amputation of the left great toe, the 
operative site healed promptly, and her remaining 4 toes and 
heel recovered completely, including restoration of normal 
nail growth (Fig 5). In 2 other patients, complete (patient 2, 
Table) or partial (patient 6, Table) healing of ischemic ulcers 
present for 12 and 2 months, respectively, avoided major limb 
amputation. In the 3 patients (patients 5, 7, and 9, Table) who 
presented with rest pain (of 6, 5, and 3 months' duration, 
respectively) unassociated with loss of tissue integrity, rest 
pain resolved completely in all 3 patients after gene transfer 
and has remained so at the most recent follow-up. 

For the total group of 10 limbs, frequency of ischemic rest 
pain expressed as afflicted nights per week decreased signif- 
icantly (5.9±2.1 at baseline versus 1.5±2.8 at 8-week fol- 
low-up, P=.043). On the basis of criteria proposed by 
Rutherford et al, 3 limb status improved in 9 of 10 extremities 
treated (Table). Moderate improvement, including both an 



upward shift in clinical category (^1 clinical category in 
patients with rest pain and ^2 categories in patients with 
tissue, loss) and an increase of >0.1 in the ABI, was 
documented in 5 patients. 

Immunohistochemistry and Molecular Analyses 

Tissue specimens retrieved from 1 amputee 10 weeks after 
gene therapy showed foci of proliferating endothelial cells 
(Fig 6A). This finding was particularly striking given that 
endothelial cell proliferation is nearly absent in normal 
arteries. 37 PCR performed on these samples indicated persis- 
tence and anatomic redistribution of DNA fragments unique 
to phVEGF 165 . Noteworthy amplification of DNA fragments 
was shown in muscle and skin samples derived from the site 
of injection as well as in several muscle samples remote from 
the injection site (Fig 6B). Southern blot analysis confirmed 
persistence of intact plasmid DNA in muscle specimens 
derived from 2 amputees 8 and 10 weeks after gene therapy 
(patients 4 and 10, Table) (Fig 6C). 

Discussion 

The natural history of critical limb ischemia has been well 
documented to have an inexorable downhill course. 3 The 
inclusion criteria for this study were drafted to restrict 
treatment to patients in whom the natural history of critical 
limb ischemia had been established previously. Seven of the 
10 limbs had developed frank gangrene. Although inclusion 
criteria required a minimum of 4 weeks of conservative 
measures without evidence of improvement, in reality, signs 
and/or symptoms of critical limb ischemia had been present 
in all cases for 2 to 1 2 months before gene therapy. Among 
this series of 9 patients (10 limbs), 6 developed critical limb 
ischemia despite having undergone as many as 7 vascular 
surgical reconstructions. Seven patients had been specifically 
advised to undergo limb amputation. All were using analge- 
sic, typically ^1 narcotic, medications. Spontaneous resolu- 
tion of rest pain and/or healing of an ischemic ulcer in 
patients like these with critical limb ischemia has not to our 
knowledge been reported previously. 1 Furthermore, because 
VEGF had not been administered previously as recombinant 
protein, no data were available from any source to indicate 
either the safety or bioactivity of any dose of phVEGF 165 . 
Accordingly, the design of this phase 1 trial, unanimously 
approved by the Recombinant DNA Advisory Committee and 
the US Food and Drug Administration, was conducted as a 
nonrandomized, consecutive treatment series, similar to 
phase 1 oncology protocols used to study new chemothera- 
peutic agents administered to human subjects. 

Analysis of gene expression at the protein level by use of 
an ELISA assay for VEGF documented a transient peak of the 
gene product in the systemic circulation 1 to 3 weeks after 
gene transfer in 7 patients. Further evidence of gene expres- 
sion was observed in 6 patients, who developed temporally 
related peripheral edema, including 2 with bilateral edema. 
Parenthetically, the latter finding constitutes what is to the 
best of our knowledge the first demonstration that VEGF may 
augment vascular permeability in human subjects. 

In most patients, treatment was sufficient to achieve 
clinically significant modulation of the recipient phenotype. 
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Figure 4. Limb salvage after gene therapy in a 33-year-old woman (patient 1 , Table). Left top, Nonhealing wound on medial aspect of 
calf and ischemic necrosis involving great toe. Left middle, Ingrowth of granulation tissue in calf wound, healing of great toe. Left bot- 
tom, Three months after gene transfer, healing of split-thickness skin graft at wound site and full resolution of great toe necrosis. 
Before gene therapy, patient was wheelchair-bound on multiple analgesics, including methadone, amitriptyline hydrochloride, clonidine, 
oxycodone/acetaminophen, and a fentanyl patch. Three months after gene transfer, she was freely ambulatory and had been success- 
fully weaned from all analgesics. Right, Evidence of phVEGF 165 bioavailability documented by an increase in venous VEGF blood levels 
and bioactivity expressed as an increase in ABI. The ABI progressively increased from 0.28 before to 0.56 after gene therapy (weeks 
refer to time after transfection). This was associated with development of a phasic pulse volume recording compared with nonphasic 
tracing recorded at baseline. Vertical arrows indicate timing of each of the 2 intramuscular phVEGF 16S injections. 



Noninvasive studies documented hemodynamic evidence of 
improved limb perfusion that satisfies outcome criteria pro* 
posed to assess the results of surgical reconstruction or 
percutaneous revascularization. 28 Absolute ankle and/or toe 
pressure increased in 8 limbs after gene therapy (/ > =.008). 
ABI and/or TBI increased from 0.33 ±0.05 at baseline to 
0.48±0.03 at 12 weeks (/ > =.017). To put this in perspective, 
an increase of >0.1 in the ABI is considered indicative of a 
successful surgical or percutaneous intervention. 28 To the best 
of our knowledge, such improvement has not previously been 
achieved spontaneously or with medical therapy in patients 
with critical limb ischemia. 

Similarly, angiographic demonstration of newly visible 
collateral vessels, accompanied here by noninvasive (MRA) 
evidence of improved blood flow, has to the best of our 
knowledge not been reported previously in response to any 
therapeutic intervention. Indeed, previous reports have indi- 
cated that current methods used to perform diagnostic con- 
trast angiography cannot provide images of arteries measur- 
ing <200 jbim in diameter 38 ; the spatial resolution of images 
obtained by MRA is even less. Using synchrotron radiation 
microangiography to assess collateral artery development 
after VEGF gene transfer in a rat model of hindlimb ischemia, 
Takeshita et al 38 showed that neovascularization included a 
substantial contribution of vessels <180 /mm in diameter. 
Thus, conventional angiographic techniques used in the 



present study may have failed to depict the full extent of 
angiogenesis achieved after phVEGF, 65 transfection, particu- 
larly given that most newly visible collaterals were diminu- 
tive (200 to 800 u.m). 

That angiogenesis was in fact therapeutic in the present 
investigation was shown by concomitant reduction in rest 
pain and/or a favorable impact on limb integrity. Rest pain 
resolved in all 3 of the patients who presented with rest pain 
alone. Ischemic ulcers present in 7 limbs healed or improved 
markedly in 4 patients; this included 3 patients recommended 
for below-knee amputation in whom successful limb salvage 
was achieved. Given the poor prognosis for patients with 
chronic critical limb ischemia, in whom the possibility of 
spontaneous improvement is remote, 1 2 the outcome in this 
initial cohort is thus encouraging. 

Beginning with the reports of Wolff et al, 39 work from 
several laboratories 40 " 48 convincingly demonstrated evidence 
of transgene expression after direct injection of nonviral, 
covalently closed pDNA into skeletal muscle. The conceptual 
basis for therapeutic angiogenesis after phVEGF 165 gene 
transfer in particular has been established previously by our 
laboratory. 49,50 The results of the present trial extend previous 
findings from studies performed in live animals 46 to patients 
with advanced peripheral artery disease. 

The failure of previous gene therapy trials to yield evi- 
dence of clinical success has been attributed to gene delivery, 
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Figure 5. Limb salvage after gene ther- 
apy in a 39-year-old woman (patient 8 
and 4, Table). This patient presented 
with a 3-month history of gangrene of 
distal one-half of right foot. Although ABI 
in right limb improved by 0.27, forefoot 
gangrene was not reversed, and she 
underwent below-knee amputation. 
While she was being treated for right 
limb, however, she developed gangrene 
of left great toe and shortly after, of 4 
remaining left toes as well. After gene 
transfer to left limb, her ABI increased by 
0.22 in association with angiographically 
demonstrable new collateral vessels. 
Although she required a great toe ampu- 
tation, operative site healed promptly, 
and remaining 4 toes recovered com- 
pletely, including restoration of normal 
nail growth. 



specifically the inability to deliver genes efficiently and to 
obtain sustained expression. 51 Those cases in which 
phVEGF, 65 gene therapy led to successful clinical outcomes 
in this clinical trial suggest that the success of gene therapy is 
not solely a function of transfection efficiency, nor is it 
necessarily dependent on protracted gene expression. Several 
aspects of the gene, protein, and target tissue may have 
contributed to successful modulation of the host phenotype, 
despite the relatively low transfection efficiency typically 
associated with naked DNA. First, VEGF, as noted above, is 
actively secreted by intact cells; previous studies in our 
laboratory 52 have documented that genes that encode for 
secreted proteins, as opposed to proteins that remain intracel- 
lular, may yield meaningful biological outcomes because of 
paracrine effects of the secreted gene product. Second, 
heparin avidity of the VEGFi 65 isoform promotes binding to 
cell surface and matrix heparan sulfates that may create a 
biological reservoir of the secreted protein, enhancing the 
temporal opportunity for bioactivity. Third, although endo- 
thelial cells were previously viewed solely as the target for 
VEGF, it is now clear that endothelial cells subjected to 
hypoxia can synthesize VEGF as well. 53 This autocrine 
feature of VEGF creates the opportunity for amplifying the 
effects of even a small amount of exogenous VEGF, because 
endothelial cell proliferation in the ischemic territory creates 
additional potential cellular sources of VEGF synthesis and 
secretion. Fourth, VEGF inhibits apoptosis, 54 in part by 
upregulating endothelial cell expression of fibronectin and 
ttvfr, 54,55 thus preserving the survival signal generated by 
attachment of endothelial cells to their extracellular matrix. 



Such reduction in endothelial cell apoptosis would be ex- 
pected to complement the mitogenic effect of VEGF, result- 
ing in a further net increase in endothelial cell viability. Fifth, 
with regard to the target of gene therapy, it has been 
noted 14,26 ' 49 that VEGF-induced angiogenesis is not indiscrim- 
inate or widespread but rather is restricted to sites of 
ischemia. This appears to result from paracrine upregulation 
of the principal high-affinity VEGF receptor (Kdr) in re- 
sponse to factors released from hypoxic skeletal myocytes. 56 
Receptor upregulation on endothelial cells within the region 
of lower-limb or myocardial ischemia thus enables these cells 
to act as magnets for any VEGF secreted into the ischemic 
milieu. Finally, the fact that the host tissues are by definition 
hypoxic may directly aid intramuscular transfer of naked 
DNA, because transfection efficiency is augmented when the 
injected skeletal muscle is ischemic. 40 - 46 

Previous work from our laboratory established that 
phVEGF 165 transgene expression is limited to <30 days in 
animal models of limb ischemia. 26,46,49 Although Southern blot 
and PCR analyses indicated that small amounts of plasmid 
DNA were preserved in tissue specimens derived from 2 
amputees in this clinical trial, we have no evidence to suggest 
that transgene expression is more protracted in human sub- 
jects than in our animal models. Fortuitously, however, it 
appears that in both animals and humans, collateral vessel 
development sufficient to restore limb perfusion to satisfac- 
tory resting levels occurs within this time interval. Cessation 
of gene expression beyond this time point can be considered 
to constitute an inherent safety feature of phVEGF, 65 gene 
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Polymerase chain Reaction (pea) Southern Blot: EcoR1 -Digestion 

Figure 6. Immunohistochemical and molecular analyses of tissue specimens derived from 2 amputees 8 and 10 weeks after gene ther- 
apy (limbs 4 and 10, Table). A, Double immunohistochemical staining of tissue specimen with monoclonal antibody to CD31 (brown) 
and polyclonal antibody to Ki-67 (red) shows proliferating microvascular endothelial cells (arrows). B, PCR demonstrates amplification 
of phVEGF 165 DNA fragments in skin and skeletal muscle specimens. Lane 0 shows 100-bp ladder; lane 2, reaction mixture without tis- 
sue DNA; lane 3, negative control (skin specimen from untreated patient); lanes 4 to 6, specimens derived from phVEGF 16S -treated 
amputee (patient 4, Table); lane 4, skin; lane 5, gastrocnemius muscle (remote from site of transfection); lane 6, tibialis anterior muscle 
(transfection site); lane 7, positive control (purified phVEGF 165 ). Amplified fragments had predicted sizes of 300, 338, and 257 bp, span- 
ning the CMV promoter/enhancer region (5 ' -CCCG ACATTGATTATTGA-3 ' and 5'-CGGGCCATTTACCGTCAT-3'; position 11 to 300), 
proximal VEGF encoding region and junction between VEGF encoding region and promoter (5'-GCCTTTCTCTCCACAGGT-3' and 
5 ' -GTACTCGATCTCATCAGG-3 ' ; position 861 to 1198), and distal VEGF encoding region and junction between VEGF encoding region 
and SV40 polyadenylation sequence (5 '-CGCGTTGCAAGGCGAGGC-3 ' and 5'-GGACCCAAAGTGCTCTGC-3' ; position 1494 to 1750), 
respectively. C, Southern blot analysis of EcoR1 -digested total cellular DNA (30 jig) (lane 1, patient 4, Table; lanes 2 and 3, patient 10, 
Table), and 0.5 fig (lane 4) of purified phVEGF 165 DNA hybridized with two 32 P-labeled phVEGF 165 specific probes (position 389 to 1068 
and position 991 to 1778) showed persistence of complete plasmid DNA (EcoR1 -digested 4703- and 998-bp fragments) in skeletal 
muscle specimens derived from 2 amputees (patients 4 and 10, Table). 



transfer that protects the organism from indefinite constitu- 
tive expression of an angiogenic growth factor. 

Several caveats regarding this preliminary clinical experi- 
ence must be acknowledged. First, it is theoretically possible 
that VEGF expression resulting from gene transfer could 
promote the development of a tumor that is currently too 
small to be recognized. Previous laboratory studies, however, 
have established that VEGF expression, although sufficient to 
promote a growth process, did not lead to malignant prolif- 
eration or to metastasis, a finding in agreement with the 
notion that stimulation of angiogenesis is necessary but not 
sufficient for malignant growth. 34,57 It is also theoretically 
possible that VEGF may aggravate deteriorating eyesight due 
to diabetic retinopathy. 33 To date, however, no change in 
visual acuity has been observed in any patient treated with 
phVEGF I65 gene transfer. Nevertheless, these findings are 
preliminary and do not establish the long-term safety of 
VEGF, administered either as a gene or gene product. 
Second, although it is conceivable that continuous, predom- 
inantly local production of VEGF resulting from the trans- 
gene may be preferable, from the standpoints of both safety 
and efficacy, to a single larger dose of recombinant protein, 



this notion remains to be proven. Preliminary clinical trials of 
recombinant VEGF protein therapy have confirmed that mild 
hypotension seen in preclinical studies 15,58 may be seen in 
humans as well (unpublished data). Presumably, the route 
and/or dose of recombinant protein delivery can be adjusted 
to address this issue. Clearly, further clinical studies of both 
recombinant protein and alternative dosing regimens of gene 
therapy will be required to define the relative merits of each 
approach. Third, we cannot exclude the possibility that these 
encouraging preliminary results might have been made more 
substantial and/or uniform by the use of alternative vector 
systems and/or dosing strategies. 45,48,51,59 

In summary, these preliminary data may be cautiously 
interpreted to support both the strategy of intramuscular gene 
therapy and the concept of therapeutic angiogenesis for 
treatment of selected patients with critical limb ischemia. 
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